There is evidence that patients of African descent (AD) experience higher surgical failure rate after trabeculectomy without antimetabolites.
T rabeculectomy remains the current standard for surgical treatment of uncontrolled glaucoma, especially in patients who need a substantial reduction in intraocular pressure (IOP) or who have very low IOPs. 1 Patients of African descent (AD) develop glaucoma earlier and are susceptible to faster progression of glaucomatous optic neuropathy compared with patients of European descent (ED). [2] [3] [4] [5] Additionally, AD patients experience a higher surgical failure rate and a greater number of postoperative complications after glaucoma filtering surgery compared with ED patients, presumably owing to increased scarring after surgery. [6] [7] [8] [9] [10] [11] [12] [13] [14] As a result, African race is considered to be an important risk factor for failure of filtration surgery, warranting careful consideration of alternative options for such patients. 6, [15] [16] [17] Adjunctive use of mitomycin C (MMC) improves the success rate of trabeculectomy, but it increases the risk of late bleb leak and bleb-related infection. 18, 19 To our knowledge, few studies have addressed outcomes of trabeculectomy with adjunctive MMC in AD patients, and longterm data are lacking on this important subject. 20 Also, the rates and types of complications after trabeculectomy with MMC have not been well defined in AD patients.
The current study examines long-term surgical outcomes in AD patients who underwent initial trabeculectomy with adjunctive MMC according to predefined criteria and compares them with a cohort of matched ED patients for age, surgeon, lens status, and length of follow-up. We also explored prognostic factors for failure in the 2 cohorts of patients.
Methods

Patients
We retrospectively reviewed the clinical database at the Glaucoma Division of the Stein Eye Institute, David Geffen School of Medicine at UCLA, University of California, Los Angeles, to find all AD patients with glaucoma who had an initial trabeculectomy with adjunctive MMC by 1 of the 5 attending glaucoma surgeons between March 1997 and July 2015. A total of 135 eyes from 105 AD patients met the inclusion criteria and were matched to a parallel cohort of 135 eyes from 117 ED patients. Matching was based on age (within 5 years), surgeon, lens status (phakic vs pseudophakic), and follow-up time (within 1 year). The study was approved by the human subject protection committee and the institutional review board at the University of California, Los Angeles, and was carried out in accordance with the tenets of the Declaration of Helsinki and the Health Insurance Portability and Accountability Act. Informed consent was waived because the study was retrospective and low risk.
Patients were selected based on the following inclusion criteria: trabeculectomy performed as the initial incisional glaucoma surgery; use of adjunctive MMC; a diagnosis of primary open-angle glaucoma, chronic angle-closure glaucoma, pseudoexfoliative glaucoma, pigmentary glaucoma, or normaltension glaucoma; and a minimum follow-up of 3 months. Eyes with diagnoses other than those described above, history of conjunctival surgery, or concomitant cataract extraction were excluded. Demographic data, baseline ocular characteristics, intraoperative and postoperative findings, and complications until last available follow-up or repeated glaucoma surgery were extracted from medical records. Baseline preoperative IOP and number of medications were determined by averaging IOPs and number of medications from the visits in the 3-month time period prior to the surgery date. Snellen visual acuity measurements were converted into logMAR equivalents. 21 Leaks were defined as early if a leak occurred 3 months or more before the date of surgery and as late if a leak occurred 3 months or more after the date of surgery.
Surgical Technique
Surgeries were performed after retrobulbar or peribulbar anesthesia. For limbus-based surgery, a 4-0 silk bridle suture was placed under the superior rectus muscle tendon. A limbusbased conjunctival flap was prepared superiorly, with an incision 10 to 12 mm posterior to the limbus. The conjunctiva and Tenon capsule were dissected anteriorly to the limbus. A large cellulose sponge or multiple sponge pieces soaked with MMC (0.2-0.3 mg/mL) were placed over the intended site of the scleral flap for 1 to 3 minutes. The MMC concentration was based on the routinely used concentration at the time of surgery. Duration of MMC application was determined by each attending surgeon; most eyes (116 of 135 eyes [85.9%] in each cohort) had a 1-minute exposure. A one-half thickness scleral flap (approximately 3 × 2.5 mm) was dissected forward into clear cornea. After resection of an anterior trabecular block (approximately 2 × 1 mm), iridectomy was performed. The scleral flap was closed with two to six 10-0 nylon sutures. Conjunctiva and Tenon capsule were closed in a single layer with running 9-0 Vicryl sutures (Ethicon Inc). For fornix-based surgery, a 6-0 silk traction suture was placed in the superior cornea adjacent to the limbus, and a fornix-based conjunctival flap centered at the 12-o'clock position was prepared. Conjunctiva and Tenon capsule were closed with two to four 9-0 Vicryl sutures anchored at the limbus.
Criteria for Success
The primary outcome measure was qualified success rate (ie, success rate with or without medications), and secondary outcome measures were complete success rates (with no need for medications), IOP level, number of medications, postoperative complications, and need for additional glaucoma
Key Points
Question What are the outcomes of initial trabeculectomy with mitomycin C in patients of African descent compared with those in patients of European descent?
Finding In this matched cohort study of 222 patients, success rates of initial trabeculectomy with mitomycin C were worse in patients of African descent compared with patients of European descent when more stringent criteria for success were used.
Meaning These findings suggest that new approaches for controlling wound healing after trabeculectomy are needed and that the role of nonfiltering glaucoma surgeries in patients of African descent needs to be investigated. Variables with a 2-sided P value less than .20 or variables clinically known to affect failure after trabeculectomy were included in multivariable analyses. A shared frailty adjustment was used to account for correlation between eyes of the same patient. The proportional hazards assumption was verified by reviewing smoothed plots of scaled Schoenfeld residuals after fitting the final multivariate model and by reviewing log-log plots. All P values were 2-tailed, and a P value less than .05 was considered statistically significant. Analyses were not adjusted for multiple comparisons. Statistical analyses were performed using R version 3.4.1 (The R Foundation) and Stata version 14.0 (StataCorp).
Results
Preoperative and Intraoperative Characteristics
A total of 135 eyes of 105 AD patients and 135 eyes of 117 ED patients were eligible. 
Success Rates
Kaplan-Meier survival curves demonstrate the cumulative probabilities of qualified and complete surgical success over the first 5 years of follow-up (eFigures 1 and 2 in the Supplement), as the number of remaining eyes in each group became small at that point. Based on criteria A, mean (SD) qualified success rates at the first, third, and fifth years of follow-up were 82.0% (3.3), 66.0% (3.8), and 61.0% (4.7), respectively, for AD patients and 90.0% (2.6), 75.7% (3.9), and 67.0% (4.5) for ED patients (difference at 5 years, 7.4%; 95% CI, −5.6 to 20.3; P = .26) (Figure 1 ). The mean (SD) complete surgical success rates at the first, third, and fifth years of follow-up based on criteria A were 62.7% (4.2), 39.0% (4.6), and 30.1% (4.6), respectively, for AD patients and 78.0% (3.6), 62.2% (4.4), and 51.0% (4.9) for ED patients (difference at 5 years, 20.9%; 95% CI, 7.8-34.0; P = .001) (Figure 2) .
Based on criteria B, mean (SD) qualified success rates at the first, third, and fifth years of follow-up were 71.0% (3.9), 52.0% (4.5), and 43.0% (4.8), respectively, for AD patients and 83.0% (3.2), 65.0% (4.3), and 60.0% (4.7) for ED patients (difference at 5 years, 17.6%; 95% CI, 4.0-30.2; P = .002). The mean (SD) complete surgical success rates at the first, third, and fifth years of follow-up based on criteria B were 59.7% (4.2), 36.1% (4.4), and 27.7% (4.4), respectively, for AD patients and 74.8% (3.7), 56.8% (4.5), and 50.6% (4.7) for ED patients (difference at 5 years, 22.9%; 95% CI, 10.3-35.6; P < .001).
Based on criteria C, mean (SD) qualified success rates at the first, third, and fifth years of follow-up were 57.0% (4.2), 38.0% (4.3), and 25.0% (4.1), respectively, for AD patients 
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A, Log-rank test, P = .26. B, Log-rank test, P = .002. C, Log-rank test, P = .002.
Observational 
Prognostic Factors for Failure
Cox proportional hazard regression analysis was used to determine prognostic factors for failure according to criteria A, B, and C( 
Discussion
We found that AD patients demonstrated a higher propensity for failure with more stringent criteria, which amounted to 77% to 107% increased risk on multivariate analyses. Other risk factors consisted of non-primary open-angle glaucoma diagnosis (55% to 86% higher failure rate with criteria A, B, and C for complete surgical success and 90% higher failure rate with criteria C for qualified success) and early bleb leak (81% higher failure rate with criteria B for complete surgical success and 72% higher failure rate with criteria B for qualified success). With the most lenient criteria (qualified success with criteria A), initial trabeculectomy had similar 5-year efficacy in AD and ED patients (66% vs 67%). We also found a higher incidence of early and late bleb leaks in AD patients. The earlier onset, higher incidence, greater severity, and faster progression of glaucoma have been well documented in AD patients. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Studies have shown that trabeculectomy is an effective treatment for uncontrolled glaucoma in AD patients. 3, 17, 38, 39 One of the main findings of the Advanced Glaucoma Intervention Study 16 was that AD patients fared better when the initial surgical approach was argon laser trabeculoplasty. This could be attributed to the higher failure rate of trabeculectomy without adjunctive MMC in AD patients (18%) than white patients (13%). Use of intraoperative and postoperative antimetabolites has enhanced efficacy of trabeculectomy and improved longterm bleb survival. 40 However, preliminary evidence suggests that AD patients remain at higher risk for failure following filtration surgery. 41 In a 2012 series of 47 African Caribbean patients, Shah et al 20 showed a survival rate of 86% at 36 months when an IOP of 21 mm Hg or less was used as success criterion. Three independent risk factors for failure were preoperative use of acetazolamide, pseudophakia, and higher preoperative IOP. 42 Two small studies comparing outcomes of placement of the Ex-PRESS mini shunt with MMC in AD and ED patients disagreed on whether AD patients had worse outcomes compared with ED patients. 
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A, Log-rank test, P = .001. B, Log-rank test, P = .001. C, Log-rank test, P < .001.
Research Original Investigation Observational Outcomes of Initial Trabeculectomy With Mitomycin C in Patients of African vs European Descent
Use of multilevel criteria for success after glaucoma surgery in this study reflects the goals of contemporary treatment strategies. This especially holds true for patients whose glaucoma has progressed at relatively low IOPs and for patients with severe glaucomatous optic neuropathy. Our results confirmed that trabeculectomy has a higher failure rate in AD patients compared with ED patients. The qualified success rates in AD patients were worse than in ED patients through at least 5 years of follow-up with more stringent criteria that are consistent with current practices of glaucoma treatment (ie, criteria B and C). Patients of African descent had higher failure rates with all complete success criteria. These patients also had higher IOPs and number of medications along with a higher need for additional glaucoma surgeries. This is consistent with the relevant literature on outcomes of filtering surgery without antimetabolites in AD patients. Broadway et al 44 found a higher number of fibroblasts and macrophages in the superficial and deeper layers of conjunctival substantia propria of AD patients than in ED patients. This partly explains the higher propensity for scar formation and failure after filtration surgery in AD patients. Early postoperative bleb leak is a relatively common complication after trabeculectomy, and there is wide variation in the reported incidence (0% to 30%). 45 It is more common with fornix-based than limbus-based flaps. 45, 46 One study found that early postoperative leak in eyes with fornixbased conjunctival flaps did not affect outcomes of trabeculectomy. 46 In our study, early bleb leak occurred more frequently in eyes with a fornix-based flap. However, a higher incidence of any leaks was observed in the AD cohort regardless of conjunctival flap type. Presence of early wound leak was associated with higher failure rates with criteria A (P = .03) but not criteria B (P = .056). Both early and late bleb leaks occurred more frequently in the AD cohort. We considered the possibility that a higher concentration or longer duration of MMC application could have been used in AD patients, which might have accounted for an increased risk of leaks; however, we found no difference between these parameters in the 2 cohorts. Alternatively, the clinicians might have been more aggressive postoperatively in AD patients aiming for lower pressures, thus causing higher early and late bleb leaks. Another possibility is that faster healing or scarring in AD patients could happen in a fornix-to-limbus direction. Therefore, the aqueous could not permeate more posteriorly and would be forced toward the limbal wound, resulting in more frequent leakage. The number of scleral flap sutures influences postoperative filtration and IOP variation. A greater number of flap sutures allows for greater control of IOP reduction postoperatively by allowing smaller incremental drops in IOP after suture lysis. However, well-constrained flaps restrict aqueous flow that might result in increased scarring if timely suture lysis is not done. 47 A larger proportion of eyes from ED patients had the scleral flap sutured with only 2 nylon sutures (91% vs 70%); nonmeasurable variations in tightness of flap sutures may have influenced the amount of flow resistance.
Limitations
Our study had limitations. We addressed the limitations of a retrospective study by matching the 2 cohorts on important confounding variables for failure, including age, surgeon, and lens status. Other sources of bias in a retrospective setting cannot be completely ruled out. A shortcoming of our study is that we could not verify whether cataract surgery prior to trabeculectomy had been done through a small clear-cornea incision in pseudophakic eyes. However, it is likely that most, if not all, of the enrolled patients with pseudophakic eyes underwent phacoemulsification through a small clear-cornea incision, as was customary in this part of the country. Another limitation of this study is that race/ethnicity was self-identified by the study participants, as recorded in the medical record. In the cohorts included, no patients identified themselves as being of mixed race. It has been proposed that rather than race/ ethnicity itself, some associated characteristics are more likely related to outcomes of interest. 35,47 While we were able to explore some clinical factors, such as central corneal thickness, socioeconomic and behavioral factors (including education, socioeconomic status, and adherence to follow-up/visits) could not be adjusted for. We were also not able to study bleb appearance and presence and extent of bleb pallor in a retrospective study. suggested that their results justify considering new approaches to controlling wound healing in surgery in patients of African descent and also consideration of using nonfiltering operations.
As noted in the Discussion section, 1 a finding that trabeculectomy fails more frequently in patients of African descent than those of European descent was previously shown convincingly in the era prior to the common use of mitomycin C (MMC). In the Advanced Glaucoma Intervention Study, 2 in patients in whom medical therapy had failed, individuals were randomized to either argon laser trabeculoplasty or trabeculectomy. In the group of individuals randomized to trabeculectomy first, it failed to achieve the IOP goal of less than 18 mm Hg for 10 years of follo-up in 31.9% of patients of African descent (95% CI, 24.7%-39.1%) and 17.7% of patients of European descent (95% CI, 11.4%-24.0%). 2 The explanation for the difference in success of trabeculectomy by race may be associated with a greater density of fibroblasts and macrophages in the conjunctiva-Tenon capsule in patients of African descent. 3 What Nguyen and colleagues 1 have shown is that the use of a moderate dose of MMC (0.2 mg/mL to 0.3 mg/mL applied for 1 to 3 minutes) did not eliminate the differential success between those of African descent and of European descent. A 1998 article 4 had also shown that despite using a large dose of MMC (0.5 mg/mL on sponges applied for 5 minutes) that improved the success rate of surgery and level of IOP control vs previous experience, it did not eliminate the differential success, finding at 1 year of follow-up a failure rate of 22% in patients of African descent and 12.5% in patients of European descent (P = .03).
Another study that could provide high-quality data on this topic is the Collaborative Initial Glaucoma Treatment Study, 5 a randomized, prospective trial in which half of the study individuals received initial trabeculectomy (usually with MMC) and had a large sample size of individuals of African and European descent. That study did not report on the success rate of surgery The primary outcome measure was qualified success rate, i.e., success with or without medications. For complete success, the patients were required to be on no medications.
